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Abstract. Indrayani I, Haslianti H, Asmariani A, Muskita WH, Balubi M. 2020. Growth, biomass and lipid productivity of a newly
isolated tropical marine diatom, Skeletonema sp. UHO29, under different light intensities. Biodiversitas 21: 1498-1503. Light is one of
the important factors affecting growth and biochemical composition of microalgae. The aim of this study was to determine growth,
biomass and lipid productivity of a newly isolated marine diatom, Skeletonema sp.UHO29 under different light intensities. The
Skeletonema sp. was cultured in 300 mL conical flasks containing 150 mL of /2 medium under three different light intensities (28, 60
and 110 umol photons m2 s ) with three replications. The cultures were incubated under ambient room temperatures, and a cycle of 12
hours light and 12 hours dark, in batch modes for two weeks. The results showed that the highest specific growth rate (0.56 d) was
achieved at the highest light intensity (110 umol photons m= s1) and the lowest (0.11 d') was obtained at the lowest light intensity (28
pmol photons m2 s1). The highest biomass yield (0.62 g L) and biomass productivity (0.34 g L d'}) was achieved at the highest light
intensity. However, the highest lipid yield (0.175 g L), lipid content (28.78% ash-free dry weight) and lipid productivity (0.067 g L d-
1) were achieved at medium light intensity. The alga prefers high light intensity for higher growth rate and biomass productivity but it
produces more lipids at medium light intensity. This study indicated that the Skeletonema sp.UHO29 is a potential species for outdoor
mass cultivation and is a promising microalgal strain for use as a biodiesel feedstock due to its high growth rate, high biomass and lipid

productivity.
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INTRODUCTION

Microalgae have been suggested as a potential biodiesel
feedstock due to their ability to produce a high quantity of
lipids that can be converted to biodiesel (Chisti 2007; Hu et
al. 2008; Mata et al. 2010; Parmar et al. 2011). In
comparison with terrestrial crops, microalgae produce
higher yield of lipids. Depending on the lipid content,
microalgae can produce about 58,700 - 136,900 L oil ha*
yearwhich is much greater than the yields obtained for
crops like soybean (636 L oil ha? year?), jatropha (741 L
oil ha'! year?), canola (974 L oil ha year?) and palm oil
(5366 L oil ha* year?) (Ahmad et al. 2011). Furthermore,
microalgae are potentially more sustainable to grow for
lipid production than conventional crops due to the facts
that microalgae can be grown on non-arable land and can
use seawater which implies that they will not compete with
food crops for scarce agricultural habitats and for limited
sources of freshwater (Borowitzka and Moheimani 2013).
In addition, they can also utilize industrial flue gasses as a
carbon source (Chisti 2007).

In relation to microalgal lipid production, diatoms
(Bacillariophyceae) are particularly interesting due to their

well-known capability to accumulate high amount of lipids
(Rodolfi et al. 2009; Khatoon et al. 2010; Chen 2012).
Neutral lipids (mainly triacylglycerols (TAGs)) accumulate
in diatoms in their late stationary phase (Hu et al. 2008).
This is because TAGs are the main storage products in the
diatom cells when photosynthetic assimilation occurs
during the time when cell division is arrested due to
nutrient starvation (Popovich et al. 2012). The TAG
accumulation in diatoms can reach an excess of 60% of the
total lipid content (Chen 2012).

Growth and lipid production in microalgae are species-
specific and are influenced by environmental/culture
conditions including light intensity (Pal et al. 2011; Al-
Qasmi et al. 2012; Sforza et al. 2014; Wang et al. 2018).
Light is important as the energy source that drives
photosynthesis in microalgae (Masojidek et al. 2013). Both
the quality and the quantity of light affect the productivity
of photosynthetic cultures (Pulz and Scheinbenbogen
1998). However, too much light intensity may result in
reduced productivity due to photo-inhibition and photo-
oxidation (Borowitzka 2016), while low light intensity will
become growth-limiting (Pal et al. 2013).
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Skeletonema sp.UHO29 is a diatom species recently
isolated from a coastal area in Kendari, Southeast Sulawesi,
Indonesia. As a newly isolated species, there is no
information available regarding the factors that limit its
growth; especially variation in light intensity. Therefore,
the aim of this study was to determine the effect of
different light intensities on the growth, biomass and lipid
productivity of the Skeletonema sp.UHO29.

MATERIALS AND METHODS

Microalgal species

The Skeletonema sp.UHO29 was isolated from Nambo
Beach, Southeast Sulawesi, Indonesia in June 2017
(Indrayani et al. 2018). The alga was isolated using the
enrichment method followed by agar plating technique in
1% agar (Andersen and Kawachi 2005) in Guillard’s f/2
medium (Guillard and Ryther 1962). Pure colonies were
obtained after repeated plating on agar medium. The strain
is non-axenic and is maintained in the Microalgae Culture
Collection at the Faculty of Fisheries and Marine Science,
Halu Oleo University, Kendari, Southeast Sulawesi,
Indonesia.

Culture condition

For the experiment, the alga was cultured in 300 mL
Erlenmeyer flasks containing 150 mL of f/2+Si medium at
3.2% salinity. The cultures were illuminated with white
fluorescent lamps at three different light intensities (28, 60
and 110 pumol photons? st) with a 12 h light and 12 h dark
cycle under ambient room temperatures. There were three
flask cultures for each treatment. The cultures were aerated
to facilitate mixing and were run in a batch mode for two
weeks.

Analytical methods

The growth of the cultures was monitored by counting
the cell numbers every two days using a Neubauer
hemocytometer (Moheimani et al. 2013).

The specific growth rate (d') was calculated using the
following equation :

SGR =In (N2/N1) / (t2-t1)

Where Ni and N are the cell density at time (t1) and 2
(t2) within the exponential phase.

For Dry Weight (DW) and Ash-free Dry Weight
(AFDW) determination, five mL of the culture was filtered
through pre-weighted and pre-combusted Whatman GF/C,
25 mm filter paper using Millipore filter apparatus. The
filter papers were removed from the filter apparatus, folded
and patted dry with a paper towel before being dried in an
oven at 75°C for 5 hours. DW was calculated by the
following equation (Indrayani et al. 2019; 2020):

Dry Weight (g L) = (weight of filter plus algae) -
(weight of filter)

The filters were then transferred to a furnace for ashing
at 450°C for 5 hours. Organic dry weight (Ash-free dry
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weight) was then calculated by the following equation
(Indrayani et al. 2019; 2020):

AFDW (g L) = Dry weight - weight of ash

Biomass productivity was calculated using the equation
below (Moheimani et al. 2013):

Biomass Productivity (g L d?) = SGR x AFDW

For lipid determination, total lipid was extracted using
the method of Bligh and Dyer (1959) as modified by Kates
and Volcani (1966), adapted by Mercz (1994). Briefly, five
mL of culture was filtered through Whatman GF/C, 25 mm
filter paper secured in Milliopore filter apparatus. The
filters containing cells were inserted in a small test tube and
then crushed with a glass rode until a smooth green paste of
about 0.5 mL was obtained. 1 mL of the solvent mixture
(methanol: chloroform: deionized (DI) water in the ratio of
2: 1: 0.8 v/vlv) was added into the tubes, homogenized well
and then transferred into a tube with screw cap. Another 1
mL of the solvent mixture was added into the glass tube to
wash and clean all the remaining cell debris and then
transferred into the tubes. 3.7 mL of the solvent mixture
was added into the tubes, tightly screwed before
centrifugation at 3000 rpm for 20 minutes. After
centrifugation, the supernatant was transferred to a 20 mL
glass tube with screw cap. For the second extraction, 5.7
mL of the solvent mixture was added to the pellet in the
centrifuge tube, vortexed, then centrifuged again at 3000
rom for 20 minutes. The supernatant was combined
together in the 20 mL glass tube. Three mL of DI water and
3 mL of chloroform were added to the 20 mL tubes and
mixed well by vortexing. The samples were then stored in
the fridge undisturbed for 24 hours for complete separation.
After incubation, two phases were observed in the tubes,
the top layer containing methanol and water and the bottom
layer containing chloroform and the lipids. The upper layer
was removed with a very fine Pasteur pipette. The vials
were then put under a stream of pure N gas, with heating
plates at 40°C until complete dryness. After complete
evaporation, the vials containing lipids were carefully
weighed using an analytical balance. Weight of lipids was
calculated by subtracting the weight of the vials from the
weight of the vials containing lipids.

Lipid productivity was calculated using the following
equation (Moheimani et al. 2013):

Lipid Productivity (g L™*d) = SGR x Lipid Yield

Statistical analysis

Significant differences between treatments were
analyzed with a one-way analysis of variance (One-Way
ANOVA). A pairwise multiple comparison procedure
(Holm-Sidak Method) was then used to precisely test
differences between light treatments. All statistical
analyses were performed using the Sigma-Plot 14 package
(Systat Software Inc., USA).
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RESULTS AND DISCUSSION

Results

The alga used in this study was recently isolated from a
coastal area in Kendari, Southeast Sulawesi, Indonesia and
identified as Skeletonema sp. It is a chain-forming
planktonic diatom with a cell size ranging from 4-6 um in
length (Figure 1).

The growth of the Skeletonema sp. under different light
intensities during a two week culture period can be seen in
Figure 2. In the first two days, all the cultures showed slow
growth indicating that the cells were in the adaptation
period (lag phase). From day 2 to 4, all the cultures entered
the exponential growth phase during which the cells
multiply fast. From day 4 onwards, the cultures entered the
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early stationary phase. The highest cell density (383x10*
cells mL1) was achieved at the highest light intensity
whereas the lowest cell density (167x10* cells mL™? ) was
obtained at the lowest light intensity (Figure 2).

The specific growth rate (SGR) of the Skeletonema sp.
was affected by the light intensity tested (One Way
ANOVA, p=0.002). The SGR of the Skeletonema sp. at
low, medium and high light intensity ranged from 0.109-
0.278 d?, 0.434-0.485 d?, and 0.435-0.555 d*, respectively.
Significant differences were observed between SGR at high
light intensity and low light intensity (Holm-Sidak method,
p=0.004) and between medium light and low light intensity
(Holm-Sidak method, p=0.004). However, no significant
difference was observed between high light and medium
light intensity (Holm-Sidak method, p=0.605) (Figure 3).

Figure 1. Images of Skeletonema sp.UHO29 under light microscope at 100x magnification (left) and scanning electron microscope at

4000x magnification (right)
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Figure 2. The growth curve of the Skeletonema sp. under
different light intensities; low light intensity (28 pumol photons m-
251y, medium light intensity (60 umol photons m2 s?) and high
light intensity (110 pmol photons m2s?)
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Figure 3. Specific growth rate (d) of the Skeletonema sp. under
different light intensity; Low light intensity (28 umol photons m-
s, medium light intensity (60 pmol photons m2s™) and high light
intensity (110 pmol photons m2 s?1). There was a significant
difference in the SGR of the Skeletonema sp. under the different
light intensities (One Way ANOVA, p=0.002). Bars show the
means+SD, n=3
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Figure 4. Biomass yield (g L'*) and biomass productivity (g L™ d-
1) of the Skeletonema sp. under different light intensities; low
light intensity (28 pmol photons m2 s'1), medium light intensity
(60 pmol photons m2 s1) and high light intensity (110 pmol
photons m2s). There was a significant difference in the biomass
yield (Fig. 4a) of the Skeletonema sp. under the different light
intensities tested (One Way ANOVA, p=0.0250). Also, a
significant difference in biomass productivity (Fig. 4b) was
observed between the light intensities (One Way ANOVA,
p=0.001). Bars show the means+SD, n=3

There was a significant difference in the biomass yield
of the Skeletonema sp. under different light intensities (One
Way ANOVA, p=0.0250). The highest biomass yield of the
Skeletonema sp. was obtained at high light intensity (0.60-
0.62 g L) and the lowest was obtained at low light
intensity (0.49-0.52 g L) (Figure 4.A). Similarly, there
was a significant difference in biomass productivity
between the light intensities (One Way ANOVA, p=0.001).
The highest biomass productivity of the Skeletonema sp.
was achieved at high light intensity (0.2952+0.0435 g L* d-
1) and the lowest at low light intensity (0.087+0.0499 g L
d1) (Figure 4.B).

The lipid yield and lipid content of the Skeletonema sp.
were not affected by the different light intensities tested
(One Way ANOVA, p=0.054 and p=0.193, respectively).
However, a significant difference in the lipid productivity
was observed between the different light intensities (One
Way ANOVA, p<0.001). The alga achieved its highest
lipid productivity (0.0661+0.007 g L* d'!) when grown at
medium light intensity and the lowest (0.0124+0.005 g L™*
d1) was obtained at low light intensity (Figure 5).
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Figure 5. Lipid yield (g L), lipid content (% AFDW) and lipid
productivity (g L d) of the Skeletonema sp. under different light
intensities; Low light intensity (28 umol photons m?s), medium
light intensity (60 umol photons m? st) and high light intensity
(110 umol photons m?2s?). There was no significant difference in
the lipid yield (One Way ANOVA, p=0.054) and lipid content
(One Way ANOVA, p=0.193) of the Skeletonema sp. under the
different light intensities tested. However, a significant difference
between light intensities was observed in the lipid productivity
(One Way ANOVA, p<0.001). Bars show the means+SD, n=3

Discussion

Growth rate, biomass and lipid productivities are
important parameters in selecting microalgal species to be
used as biodiesel feedstock. The ability to adapt and
tolerate a wide range of environmental changes is another
important criteria to consider for mass cultivation and
biomass production of microalgae (Debowski et al. 2012).
When considering the mass production of microalgal
biomass in outdoor open pond systems for any commercial
application especially for biodiesel, the microalgae species
should have the ability to adapt and tolerate a wide range of
environmental changes encountered outdoors. Light
intensity is one of these factors. In outdoor pond systems,
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light intensity fluctuates during the day and between
seasons and is one of the key environmental parameters
affecting the growth and storage products of microalgae
(Ruangsomboon 2012). In this study, we found that the
specific growth rate of the Skeletonema sp.UHO29
increased linearly with light intensity with the highest
specific growth rate of 0.555 d! achieved at high light
intensity (110 pmol photons m2s™) and the lowest (0.109
d1) obtained at the lowest light intensity (28 pumol photons
m~2s1). The results of this study are comparable to other
studies. For example, Kitaya et. al. (2005) investigated the
effects of six different light intensities from 20 to 200 pwmol
photons m? s'on cellular multiplication of microalga
Euglena gracilis. They found that the highest
multiplication rate of the microalgae cells was at a light
flux of about 100 pmol photons m s, Difusa et al. (2015)
studied the influence of different light intensities ( 27, 40.5,
54, 67.5, 81 and 94.5 umol photons m2s™?1) on the growth
and lipid production of Scenedesmus species ADIHTEC-II
and GUBIOTJT116 and found that both species achieved
highest specific growth rate and biomass yield at light
intensity of 81 umol photons m™ s, but the highest lipid
production was achieved under 94.5 umol photons m2s™,
Sforza et al. (2014) investigated the effect of different light
intensities ranging from 10 to 1000 pmol m? s? on the
growth and lipid content of Scenedesmus obliquus and
found that the species achieved its maximum growth rate at
150 umol photons m? s, In contrast, Jayakumar et al.
(2015) studied the influence of four different light
intensities on the growth of two diatom species (Amphora
sp. and Gyrosigma sp.) and found that both species
recorded the highest specific growth rates at a much lower
light intensity of about 40 umol photons m2 s with SGR
of 0.2860 d* and 0.3067 d* , respectively. Difference
between algal species is not the only reason for the
variation in specific growth rate but also differences
between culture conditions, specifically the wide range of
light intensities tested. Although the specific growth rate of
the Skeletonema sp.UHO29 increases with increasing light
intensity, with the highest SGR value obtained at 110 pmol
photons m2s 1, it does not mean that this particular light
intensity is the optimum light intensity for the growth of
the Skeletonema sp. Further studies i.e at a much higher
light intensity and in outdoor culture trials are needed to
find out the light intensity tolerance of the Skeletonema sp.,
especially if this alga is going to be developed in outdoor
culture systems where irradiance can reach up to 2000
pumol. photon m2 st on hot sunny days. Both biomass
yields and specific growth rates of Skeletonema sp. were
highest in the high light intensity treatment, resulting in the
highest biomass productivity. This is because biomass
productivity is a function of both biomass yield and
specific growth rate.

Lipids are the main storage compound of diatoms (Hu
et al. 2008; Mangas-Sanchez and Adlercreutz 2015) with
average lipid content of about 25% of dry weight (Levitan
et al. 2014). The highest lipid content of the Skeletonema
sp.UHO29 found in our study was about 28.78% AFDW
and this is comparable with other studies. For example,
Sharmin et al. (2016) reported the highest lipid content of
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Skeletonema costatum isolated from a Bangladesh coast of
about 15.37%. Laurenco et al. (2002) also reported lipid
content of S. costatum ranging from 11.8 to 13.1% dry
weight. However, the lipid content of S. costatum reported
by Chen (2012) was much higher, ranging from 36.90 to
41.42% dry weight.

In this study, we found that the lipid yield and lipid
content of Skeletonema sp.UHO29 under different light
intensities showed no significant differences. This is in line
with the study done by Cheirsilp and Torpee (2012) and
Simionato et al. (2011) who found that light excess does
not induce overproduction of lipids in Nannochloropsis,
suggesting that our finding is not species-specific. Breuer
et al. (2013) also found that the TAG content in
Scenedesmus was independent of light intensity but
strongly affected by other factors such as pH and
temperature. Although there was no significant difference
in lipid yield and the lipid content of the Skeletonema
sp.UHO29 under the different light intensities tested in our
study, the lipid productivity was significantly higher at
medium and high light intensity than at low intensity. Lipid
productivity is a function of the growth rate and the lipid
yield, and therefore high growth rate and lipid yield will
result in high lipid productivity. The maximum lipid
productivity of the Skeletonema sp.UHO29 in this study
was about 0.066 g L d* (66 mg L d?) and this lipid
productivity is higher in comparison with other diatoms’
lipid productivity. For example, the marine diatom
Gyrosigma sp. has average lipid productivity of 24.1+0.2
mg L d! (Govindan et al. 2019). Skeletonema marinoi
CCMP 2092 and CCMP 2052 have lipid productivities of
0.85+0.02 mg L* dland 0.66+0.03 mg L. d*!, respectively
(d’Ippolito et al. 2015). The halophilic diatom, Amphora
sp.MUR258, has the highest lipid productivity of about 41
mg L d* (Indrayani 2017).

In conclusion, we found that Skeletonema sp.UHO29
prefers high light intensity for optimum growth but
medium-light for higher lipid production. The highest
growth rate and biomass productivity were obtained at the
highest light intensity (110 umol photons m2 st) but the
highest lipid productivity was achieved at medium light
intensity (60 pmol photons m? s?). The present study
suggests that Skeletonema sp.UHO29 is suitable for mass
cultivation in outdoor open pond systems i.e raceway
ponds, because of its ability to grow well at high light
intensity. It is a promising microalgal species for use as a
biodiesel feedstock due to its high growth rate, high lipid
content and lipid productivity.
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